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Presenter
Presentation Notes
Good morning and thank you for inviting me to speak at what looks to be an exciting conference!

We have already heard about N accounting at the scale of the US and California and will also here about N loading to California Rivers in the next talk on SPARROW.  What I hope to do here is bridge these talks with a discussion of watershed-level N in the Central Valley.

Today I will be giving an overview of work on watershed nitrogen inputs and exports my co-authors and I have conducted in sub basins of the Sacramento and San Joaquin Rivers.  Per the theme of this conference, I will focus the discussion on nitrogen loading in the San Joaquin watershed; but I also think it is important to place the San Joaquin nitrogen loads in a larger spatial context, both in California and in the US. 


http://calwater.ca.gov/index.html


Reactive N is a wicked problem 
• Benefits from agricultural production:                 

 $2 to $5 per kg N 
 

• Damage costs for human health:                     
 $0.54 to $39 per kg N 
 

• Damage costs for ecosystems/climate:                   
 -$12 (benefit) to $56 per kg N 

 

www.whoi.edu www.ovivowater.com 

Drinking water contamination Smog formation 

Cost estimates from Compton et al. (2011) and Van Grisman et al. (2013) 

    Harmful Algal Blooms & Hypoxia 

Enhanced crop yields 

Colin Bishop 

Products & Energy 
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As we have already heard this morning from Otto Doering, reactive N is a quintessential “wicked” problem at multiple scales.  While N is fundamentally essential for our modern social and economic system, the human health and environmental damages can be quite large.  This makes reactive N management among the most complex problems facing agricultural and environmental managers this century.

One way in which we can assess the overall impacts of N is through a comparison of benefits and damage costs.  Recent syntheses have started to put dollar values on both the benefits and costs of reactive N that we add to the Earth’s land surface.  Although still in preliminary stages of assessment, these estimates suggest that damages can sometimes far exceed the benefits of adding N.  Of course, there are other ways to look at the positive and negative impacts of anthropogenic N.  For instance, on average, 50% of the N in your body comes from synthetic N fertilizer.  This is not captured in the dollar values presented here.

Regardless of how we value N in society and the environment, it is quite clear that we have greatly altered global N cycling, with some important health and environmental consequences.



Human imprint on N inputs in 
the United States 

8-digit USGS Hydrologic Unit Codes 
~3000 km2

 watershed units 

Sobota et al. 2013, Frontiers in Ecology and the Environment 
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Here in the US, as we have already heard, we have increased N inputs by three to five times above natural N inputs prior to European settlement (we think).  However, this is quite spatially variable.  As you can see from this map in which we divide anthropogenic N inputs by the expected natural N inputs at the scale of 8-digit USGS hydrologic unit codes, in some places, particularly the upper Midwest or here in the Central Valley, we have increased N inputs by up to 34 times expected natural inputs.  These inputs are clearly largely tied to agriculture, and have some important environmental impacts.



Central Valley water quality issues 
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Focusing in on the Central Valley, we can look at some of these effects.  In the San Joaquin River, for instance, long-term records suggest that nitrate concentrations have tripled since 1950, which coincides with a large upswing in N fertilizer use in the region.  High nitrate concentrations may be contributing to hypoxia related problems in the lower San Joaquin and Delta areas.

We can also see that nitrate contamination of groundwater is a significant issue here, with over a third of domestic wells in the valley exceeding the Maximum Contaminant Level of 10 mg/L of nitrate-nitrogen.





 

 

The Central Valley as a study 
system for reactive N 
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So examining N in the Central is highly relevant for management at local, regional, and national scales.  Beyond that, however, I think the region provides an excellent opportunity  to examine fundamental, watershed level controls of N dynamics.





The Central Valley as a study 
system for reactive N 

Presenter
Presentation Notes
For a point of reference, the watersheds that I will be referring to from here on out are 25 individual basins that encompass perennial/non-Delta section of the Central Valley and surrounding foothills and mountains province and large portions of mountainous terrain adjacent to the valley, including the Cascades to the northeast, Sierra Nevada to the east, and coast ranges to the west.  I will keep an outline of these watersheds on most of the maps henceforth.

Back to the point about the Central Valley as an ideal study system for reactive N:  I believe the region provides an ideal combination of three specific elements.






1. Environmental diversity 
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The first is the diversity of its environment.  The volcanic Cascades, granitic Sierra Nevada, and sedimentary California Coast Ranges all drain to the Central Valley, which itself is a asymmetrical structural trough filled with marine and fluvial sediments up to 10 km thick in places.  The climate is Mediterranean with warm, dry summers and cool, wet winters.  But vegetation in the CV and surrounding uplands ranges from wet, cold alpine meadows and dense coniferous forest to warm, dry oak woodlands, grasslands and chaparral in the foothills and the valley floor.  As you can see from these maps, considerable environmental diversity exists both within and among watersheds.



2. Diverse land use/land cover 
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76 distinct land 
use/land cover 
and crop classes! 
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The second element is the diversity of land use types in the region.  Here I have displayed the 2009 crop data layer for California, for which there are 76 distinct land cover and crop types (I don’t expect you to see the list).  Most of these classes are found somewhere in the study watersheds.  In terms of production, the Central Valley produces nearly 50% of the domestic produce in this country.  But land uses include more than just agriculture. There are currently about 6.5 million inhabitants in these study watersheds, with the population expected to double to triple by 2050.  Rivers and groundwater in the region supply water to nearly 20 million Californians as part of the California Water Project.  The region also is a famous supplier of beef, dairy products, and poultry.




3. Data on riverine N export 
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The last element that makes this region a remarkable area to examine watershed N dynamics is great data.  The dataset on river nutrient export I am using in this work comes from four year effort, for water years 2000 to 2003, of biweekly sampling of multiple nutrients and multiple forms of those nutrients for the 25 watersheds in this study.  This is coupled with daily flow measurements over the same time period. For nutrient export, I took advantage of a four-year dataset on nutrient export from these watersheds.  Randy Dahlgren, a colleague at UC-Davis who is co-author on the paper that has emerged from this work, has been monitoring export for the 25 (actually more) watersheds.  Total and multiple forms of nutrients were sampled in this process. Today I will be using the set collected for water years 2000-2003 and focus only on total N.  I used the USGS program LOADEST to calculate daily and ultimately annual loads of TN for 2000 through 2003.





Talk objectives 
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So these three elements set the stage for examining watershed N dynamics in the Central Valley.  My objectives for today are threefold.



Talk objectives 
• Provide estimates of anthropogenic reactive N 

inputs by source to Central Valley watersheds 
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The first objective is to provide estimates of anthropogenic N inputs by source to the Central Valley watersheds I’ve just shown.



Talk objectives 

• Provide estimates of anthropogenic reactive N 
inputs by source to Central Valley watersheds 
 

• Examine landscape factors that might influence 
riverine exports of reactive N 
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The second objective is to examine factors that might influence riverine exports of N from these watersheds.



Talk objectives 

• Provide estimates of anthropogenic reactive N 
inputs by source to Central Valley watersheds 
 

• Examine landscape factors that might influence 
riverine exports of reactive N 
 

• Describe new work examining current and future 
riverine export of dissolved inorganic N in the San 
Joaquin River  
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The final objective is to describe some new work examining current and future scenarios for export of dissolved inorganic nitrogen in the 



Anthropogenic inputs of 
reactive N to watersheds 
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Okay so let’s get to the methods for this work.



Definitions 
• Inputs & yields:  mass per area per time 

– kg N km-2 yr-1 ≈ lbs N acre-1 yr-1 * 100 
 

• Loads: mass per time 
– kg N yr-1 = 2.2 lbs N yr-1 

 

• Concentration: mass per volume of water 
– mg N L-1 

 

• Runoff: volume of water per area per time 
– mm yr-1 = 0.04 inches yr-1 
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Before I proceed, I want to make sure the terms that I refer to for the rest of the talk are clearly defined.  I will be referring to these four terms in my discussions of watershed N budgets and riverine N export.

Inputs here refer to mass of N per unit area per unit time.  My default is kg N per square km per year, which is roughly equivalent to pounds per acre per year times 100.

Watershed yield is defined in terms of the same units as watershed inputs.  I used a per area measure to remove size dependent effects from subsequent analyses.

Load, either to the watershed or in the river, is simply mass per time.  I use kg per year, which you would multiply by 2.2 to get lbs per year.

Lastly is concentration, which is pretty straightforward.  From here on out, concentrations will always refer to the N component of any N species (DON, PN, nitrate, or ammonium).



Net N inputs from human activities 
late 1990s - early 2000s 
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Of course, one of the most import uses of watershed nutrient balances is to examine anthropogenic impacts on nutrient dynamics.  Nutrient balances involving anthropogenic inputs can be analyzed on their own or they can be fed into biogeochemical models like SPARROW or NEWS to examine delivery of nutrients to downstream water bodies.  Nutrient balances can thus inform efforts to mitigate environmental problems like the hypoxic zone in the northern Gulf of Mexico (although the oil spill is superseding any nutrient pollution related concerns right now).  My work with watershed nutrient balances has largely focused on estimating anthropogenic inputs to watersheds.  This allows us to assess water pollution potential for a watershed and provides a starting point for more explicit models of nutrient dynamics with landscape units.

The approach I took for this effort was to calculate annual input of anthropogenic nutrients for watersheds by summing atmospheric deposition, agricultural sources, and sewage sources.  Since a portion of agricultural inputs (manure) and sewage constitute recycled nutrient inputs, we also calculated nutrients in harvest and assume complete removal from the watershed to avoid double counting of inputs.  We also subject the portion of sewage in centralized sewage systems to treatment to account for nutrient removal in the treatment process.  We assume a similar removal fraction in septic systems, though we are aware that septic failure can be a significant nutrient pollution source.  One key thing here to keep in mind is that we are calculating net nutrient input to watersheds, not surface waters.  To look at inputs to surface waters, we need more information on the transfer of nutrients from terrestrial systems to the aquatic system.

Estimates for early 2000s to capture period of river nutrient export data

1 km2 in spatial resolution

Annual estimates

First spatially-explicit nutrient balances for central California watersheds




Net anthropogenic N input – 
early 2000s 
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So first, I will present data for the net anthropogenic N inputs.  Here are two graphics detailing the estimates of net N input.  On your right is the spatially explicit estimates of N input both at the pixel level and at the catchment level, denoted by the purple bars.  On your left is the aggregate of input for the Sacramento and San Joaquin Basins.  What you can see here is that while the Sacramento basin is nearly 3 times the size of the San Joaquin, we estimate that the San Joaquin receives 3 times more N on an annual basis.  We can see this pattern also in the individual catchments.
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In terms of the proportion of inputs, we see that for the Sacramento and San Joaquin at least, the largest proportion of N inputs comes from inorganic fertilizer.  Atmospheric deposition and manure also constitute important inputs, with crop fixation, sewage, and septic contributing small proportions.  Among individual catchments throughout the region, however, dominant inputs vary substantially.  For example, many of the watersheds in the northern Sacramento receive a large fraction of their input from deposition, while catchments around the city of Sacramento receive a higher fraction of input from sewage sources.
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In terms of the proportion of inputs, we see that for the Sacramento and San Joaquin at least, the largest proportion of N inputs comes from inorganic fertilizer.  Atmospheric deposition and manure also constitute important inputs, with crop fixation, sewage, and septic contributing small proportions.  Among individual catchments throughout the region, however, dominant inputs vary substantially.  For example, many of the watersheds in the northern Sacramento receive a large fraction of their input from deposition, while catchments around the city of Sacramento receive a higher fraction of input from sewage sources.



Atmospheric N deposition - 2002 
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Let’s start off with the description of atmospheric deposition of nutrients.  Now, I only calculated atmospheric N inputs; data on P deposition were sparse and, based on global models, probably not a significant source of P relative to other sources in this region.  For my original work for the paper I have out in Biogeochemistry, I relied exclusively on data accessed from the national atmospheric deposition program and the EPA CASTNET program.  Since that time I have become aware of the CMAQ model and now believe its output is best for estimating N deposition in the region because of the sparse nature and spatial distribution of NADP (11 sites) and CASTNET (6 sites) sites.  CMAQ models total (wet and dry) inorganic N deposition; I also estimate organic N deposition by assuming organic N dep is 30% of total inorganic N dep.  This assumption is commonly employed on the east coast.  I simply downscaled these estimates by breaking them into 1 km pixels (I know more complex ways of for downscaling exist, but I wanted to keep it simple).



Manure inputs - 1997 
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This is what the final layer of manure N and P look like using these methods.  As you can see, we estimate that most of the nutrients from manure enter on the San Joaquin side of the Central Valley.
For nutrient input via manure, we used county-level on manure input from the same Ruddy et al dataset.  These estimates are based on per capita rates of manure production by livestock type and take into account the life cycle of the animal.  We assumed that (1) manure produced during grazing on the free range was deposited on site and (2) manure produced in CAFOs was stored and applied on adjacent fields as fertilizer. We distributed manure on agricultural lands and pasture, grassland, and woodlands in the county.  As for N, we estimated N loss through volatilization.
ey, reflecting the distribution of livestock operations in the region.



  
  

  
  
  
  

  
  
  
  

Synthetic N fertilizer – 1999-2001 

10 – 29% of synthetic 
fertilizer accounted in harvest  
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Here is the estimate of fertilizer application using these methods.  Not surprisingly, fertilizer application is concentrated in the Central Valley portion of our study watersheds.  Now, I did not distinguish crop type using these methods.  I’ve started to do a few comparisons using the NASS Crop data layer and average rates of fertilizer application to the respective crop type; for the most part the calculated amounts of fertilizer match up, except for portions of the northern Sacramento basin where rice cultivation is extensive.





Factors influencing 
riverine N export 
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Okay, now to look at the spatial and temporal patterns of this work.



Spatial pattern – inputs 
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Another way to visualize surface balance data is by arranging the watersheds by river sampling station latitude, which I’ve done here.  It’s pretty clear that net nutrient inputs increase from north to south, so we might expect river nutrient export to show a similar pattern.  Well…
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But we do not see the same thing for yield.  Here I have the interannual means of TN export in rivers for these systems arranged by latitude.  The error bars represent one standard deviation.  Also note that the y-axis scale differs for all graphs.  There really isn’t a clear pattern at all when using mean values.



Spatial pattern - concentrations 
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Another way to look at nutrient export is by looking at the concentration values themselves.  The spatial distribution of concentration values matches input values quite well, and also negatively correspond with runoff values.  So this explains the lack of a spatial trend in yields among basins.  This also suggests that nutrient inputs in these catchments are largely disconnected from where most of the water is generated in the system.  This makes these inputs, most of which are considered diffuse sources, to respond more similarly to that of point sources.  That is, anthropogenic inputs are diluted by flows generated upstream.  These data provide at least a start to thinking about ways to manage these systems, either by reducing inputs or providing more water to rivers to dilute concentrations.



Spatial pattern - concentrations 
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Another way to look at nutrient export is by looking at the concentration values themselves.  The spatial distribution of concentration values matches input values quite well, and also negatively correspond with runoff values.  So this explains the lack of a spatial trend in yields among basins.  This also suggests that nutrient inputs in these catchments are largely disconnected from where most of the water is generated in the system.  This makes these inputs, most of which are considered diffuse sources, to respond more similarly to that of point sources.  That is, anthropogenic inputs are diluted by flows generated upstream.  These data provide at least a start to thinking about ways to manage these systems, either by reducing inputs or providing more water to rivers to dilute concentrations.



Input – yield comparisons 
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Input – yield comparisons 
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A classic way of examining these data is to compare our net watershed nutrient balances with river N export on an annual time frame.  Note the differences in scale between the x and y axes and the one-to-one lines.  Now I realize we are assuming steady-state conditions, and this is probably not the case for some, if not all, watersheds in the study, but it at least gives you an idea of potential storage/removal of nutrients in the systems.  As you can see, this comparison implies that these watersheds export a small fraction of their annual input of anthropogenic nutrients
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Logically a next step is to examine the controls on the fraction of N inputs exported by rivers draining these rivers.  But I want to talk just a bit about this.  It’s clear that the spatial pattern of fractional nutrient export is related to variation in nutrient inputs, not spatial variation in export.  It’s also clear that from examining a subset of environmental factors that inputs and these factors are spatially correlated with one another.  So after revisiting this several times and venturing into more complex statistics that I really needed to do, I have decided to go a different route.  What could be going on here?  Well looking at interannual patterns might provide some clue.




Fractional export of N inputs 
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Modeling of riverine N export: 
Global Nutrient Export from 
Watersheds (NEWS) model 
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Okay, now to look at the spatial and temporal patterns of this work.



NEWS model 
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Scenario drivers – national scale 
2000 

 
 
 

2030 
 Adaptive 
Mosaic 

 

2030  
Global 
Orch. 

 

2030 
Business 
as Usual 

 

2030 
Ambitious 

(25% 
reduction) 

Population  
(million people) 297 370 375 375 375 

Fertilizer recovery 
efficiency (%) 48 63 57 48 70 

N in human 
excretion  
(kg N/person) 

6.4 7.3 8.0 8.0 6.4 

N removed by 
WWTP (%) 61 66 70 61 80 

Scenarios from the McCrackin et al. (in revision) 
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The key assumptions that drive the scenarios are summarized here. NEWS output for 2000 represents the contemporary period and the columns to the right are for AM, GO, BAU, and AMB. Highlighted in orange because they are not part of the MEA

Size of the population is comparable for the 2030 scenarios, ranging from 370-375

More notable differences with fertilizer recovery efficiency, which is the portion of fertilizer/manure applied to fields that is taken up by the plant or otherwise not available for leaching to surface waters. 

N in human excretion reflects how much and what kinds of food people are consuming. AM, GO, and BAU reflect that per capita total consumption increases an especially meat consumption that has high N content. 

WWTP effectiveness increases in AM and GO. Is flat for BAU and AMB assumes that all sewage receives tertiary or advanced waste treatment that removes 80% of N. 



Future DIN loads 

Scenarios from the McCrackin et al. (in revision) 
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Take home messages 
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So I think I’m going to end here; let me leave you with a few take home messages from this work



Take home messages 
• Synthetic fertilizer, manure, and deposition account 

for >80% of annual anthropogenic N inputs 
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The first one is that watershed nutrient balances provide a way to examine the magnitude and proportion of nutrient sources in systems.  In our California systems, we show that inorganic fertilizer is an important overall nutrient source to watersheds, and that manure, atmospheric deposition, and sewage can be locally important for N or P input to systems.
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The first one is that watershed nutrient balances provide a way to examine the magnitude and proportion of nutrient sources in systems.  In our California systems, we show that inorganic fertilizer is an important overall nutrient source to watersheds, and that manure, atmospheric deposition, and sewage can be locally important for N or P input to systems.
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for >80% of annual anthropogenic N inputs 
 

• Net N inputs from human activities and runoff 
explain >70% of variance in N concentrations 

 
• Export of watershed N inputs scales exponentially 

with runoff 
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Secondly, we can combine these nutrient balance data with export data to look at fractional export of nutrient input from these watersheds.  We find that like many systems in the US, these watersheds tend to export a relatively small fraction of their input.  We can also see that at least for nitrogen, CA watershed export an even smaller fraction than east coast watersheds.  But explaining why this is the case is difficult without looking at the spatial distribution of inputs within catchments.



Take home messages 
• Synthetic fertilizer, manure, and deposition account 

for >80% of annual anthropogenic N inputs 
 

• Net N inputs from human activities and runoff 
explain >70% of variance in N concentrations 

 
• Export of watershed N inputs scales exponentially 

with runoff 
 

• Current practices could more than double DIN 
export from the San Joaquin River by 2030 
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Secondly, we can combine these nutrient balance data with export data to look at fractional export of nutrient input from these watersheds.  We find that like many systems in the US, these watersheds tend to export a relatively small fraction of their input.  We can also see that at least for nitrogen, CA watershed export an even smaller fraction than east coast watersheds.  But explaining why this is the case is difficult without looking at the spatial distribution of inputs within catchments.
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Thank you for your time, I believe I have time for questions



Additional Information 



Temporal Pattern - Runoff 
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So, what have I done?  Well, one thing I can do is examine nutrient export across years to try and pull out a hydrological signal.  Here I have similar graphs to the ones shown previously, with annual nutrient export for the 18 watersheds with multiple years of data.  I have export for two of the years, 2000, a wet year, and 2001, a dry year displayed.  2002 was a dry year, and 2003 was close to average.  They for the most part follow a similar pattern; it just gets too jumbled to look at..  



Temporal Pattern - Export 

*18 basins with multi-year data 
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We should expect that nutrient yields will be higher in a wet year vs. a dry year, which these data largely support.  We might also expect wetter northern systems to show a larger response than the more southern drier systems.  This evident for phosphorus, but not quite a clear for nitrogen.



Temporal Patterns: 
Import-Export 
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So this does translate into a higher fractional export of anthropogenic N during 2000 vs. 2001. I should also mention that I forced the intercept to be zero so that I could compare slopes among years.  But the slopes also are not statistically different from one another, so objectively, I cannot conclude that variation of hydrology from year to year controls fractional export, at least using the data and assumptions I have.  I think it’s clear that interannual variation in hydrology controls yields of nutrients for many of the basins, but in terms of fractional export of inputs, evidence is weak.
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Here first are concentration data.  We might expect that during a dry year, concentrations would be higher if loading was constant.  But, there really isn’t a clear difference among years for most watersheds.



Fertilizer Use - San Joaquin Valley Agricultural District
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I also want to mention that we’ve looked at longer-term N fertilizer use
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San Joaquin River near Vernalis, CA
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I also want to mention that we’ve looked at longer-term N fertilizer use
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I also want to mention that we’ve looked at longer-term N fertilizer use



River flow 

San Joaquin River near Vernalis, CA
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Natural N-fixation 

• Average of two 
methods: 
– Vegetation classes 

(Cleveland et al. 1999) 
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For natural N-fixation, I used two methods to estimate rates by vegetation classes using summarized info from Cleveland et al (1990) and the NANI approach of Boyer et al. (2002) with the added twist of using N-fixation by Ceanothus shrubs in conifer forest.  I should note these estimates do not include any dynamic processes, e.g., temperature-dependence, nutrient limitation status, or other potentially important factors.  Just for reference, these rates of N-fixation were higher than a recent dynamic model for N-fixation in temperate forests developed by Houlton et al. 2008; but they also assume N-fixers are completely absent in their temperate biome.



Reactive N in the United States 

54 total, individual N input estimates 
BNF: biological nitrogen fixation 
1 Tg = 1 x 1012 g or 2.2 x 109 lbs 

Sobota et al. 2013, Frontiers in Ecology and the Environment 
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Regardless of how we assess benefits and impacts of reactive N, one critical step for effective N management is an accounting of N inputs by source at different scales.  What I have displayed here is an effort by our research group that complements the national scale assessment work of the SAB that was just presented by Otto Doering.  Our research group has just published a synthesis of current N sources to the US landscape, along with ranges of estimates to provide an assessment of uncertainty in various sources.  This also in many ways parallels the assessments of uncertainties provided the California N assessment just presented, with land application of confined feedlot manure, non-cultivated  BNF, and agricultural BNF among the most uncertain input fluxes at the national scale.

As mentioned earlier, humans have increase the input of newly fixed N by 3 to 5 times above background N inputs.  Beginning with assessments in large political units is an important first step, but I think that for on-the-ground management, and more basically, an understanding of processes that control input and transport of N on the landscape, quantifying at the spatial distribution, and ultimately the timing of N inputs, are critical, especially for issues such as nitrate loading to surface waters and atmospheric N fluxes.



Anthropogenic P Input 
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We can look at the same patterns for phosphorus.  Again the San Joaquin drainage receives more P than the Sacramento basin, about twice as much.



Proportion of P inputs 
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As for N, we estimate that the Sacramento and San Joaquin receive most of their P from inorganic fertilizer, with manure second most important.  Centralized sewage also appears to be a significant input, especially for systems like the American River and the Bear River basins.



NEWS-SPARROW comparison 

57 McCrackin et al. 2013, Biogeochemistry 



Agricultural N-fixation 
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For input of N associated with N-fixing crops such as alfalfa, peas, and beans, we used information on area planted of N-fixing crops using data from the 2002 Census of Agriculture and published rates of N-fixation in peer reviewed journals to estimate rates of input.  Like previous estimates, the spatial resolution of these values are 1 km.

Calculated using 1997 and 2002 Census of Agriculture data

Area of N-fixing crops harvested

Published rates of N-fixation by crop type (Smil 1999)

Distributed on agricultural lands




Centralized Sewage Nutrients 
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So here is our calculated sewage nutrient input map.  I’ve also placed locations of wastewater treatment plants in the study region.  Not surprisingly, sewage inputs are concentrated around cities.

Population-based estimates of sewage production: centralized sewage & septic

Nutsew = E x H x I x (1-Rsew)
Nutsew: nutrient input from centralized sewage systems
E: per capita emission; based on GDP in 1995
N: 6.31 kg N person-1 yr-1
P: 2.45 kg P person-1 yr-1
H: population
I: fraction of population on centralized sewer system (0.90)
Rsew: fraction of nutrients removed during treatment (~0.51 for the USA; Van Drecht et al. 2010)

For sewage, we chose to go with population-based estimates of sewage rather than rely exclusively on point source inputs.  We chose this route because data on nutrient effluent from wastewater treatment plants that we could find were sparse. Since we were also mainly interested in nutrient inputs at the catchment scale rather than strict nutrient delivery to surface waters, we felt our approach was justified.  There is a USGS report in the works on nutrient point sources in the region, and I think the load calculations between the two methods are in the same order of magnitude.  On the flipside to centralized sewage input, 1 – I can be substituted into the equation to estimate input of nutrients from septic systems, assuming a similar removal fraction.




Septic System Nutrients 
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Here is the map of inputs for septic system nutrients, which pretty much mimics the centralized sewer inputs because of the way we calculated the input values.



Crop Nutrient Harvest 
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So here are the maps for N and P harvest.  For the most part, they track with one another, except for portions of the San Joaquin Basin.  Not sure why this the case; but I’ve double-checked the numbers.  Harvest can account for about 10 – 25% of gross anthropogenic N inputs.

So one final note before I move on to the nutrient export calculations.  We recognize that there could be considerable uncertainty in these numbers; we have conducted sensitivity analyses of these inputs, but this really only tells us what input has the biggest influence on the overall watershed nutrient balance.  I’ve also compared these estimates with others recently calculated for California and in other areas of the US, 

County-level yield of crops for 1997 or 2002 (2002 Census of Agriculture)

Converted to nutrients removed using USDA crop nutrient tool

Weighted averages distributed to agricultural lands within county

Subtracted from inputs to balance nutrient budgets (no double counting)




Millennium Ecosystem 
Assessment scenarios 

Millennium Ecosystem Assessment 2005; Seitzinger 2010  
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The four MEA scenarios were designed to explore different possible trajectories and are not intended to be predictions of future events. The scenarios consider two development paths, one that is increasingly global and one that is increasingly regionalized, and two approaches to ecosystem management, one that is reactive and the other that is proactive. 

We consider only the GO and AM scenarios because they represent the high and low estimates, respectively, of coastal N loading for the US. 

GO portrays a globally connected society that focuses on economic liberalization and global trade, takes steps to reduce poverty and inequality, and invests in public infrastructure such advanced sewage treatment systems. Environmental problems that threaten human wellbeing are addressed reactively when the threats become apparent. By 2030, wealth grows faster in GO compared to AM. 

In AM, local institutions are strengthened and regional watershed-scale ecosystems are the focus of political and economic activity. Societies develop strong, proactive approaches to environmental management and local ecosystem management strategies are common. 
None of the MA scenarios reflects “business as usual” “best case” or “worst case’, but rather a mix of societal actions and consequences. 
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